NEOSHO BASIN TOTAL MAXIMUM DAILY LOAD
Water Body/Assessment Unit: Neosho River (Chanute)
Water Quality Impairment: Copper

1. INTRODUCTION AND PROBLEM IDENTIFICATION

Subbagn: Upper Neosho
Counties: Coffey, Anderson, Woodson, Allen, and Neosho
HUC 8: 11070204

HUC 11 (HUC 14s): 050 (010, 020, 050)

Drainage Area: 448 sguare miles (Station 560 only)

Main Stem Segments. 3, 5, 6, 8, 10 sarting near confluence with Crooked Creek in southeastern
Coffey County and traveling downstream through Woodson and Allen
Counties to northwest Neosho County a monitoring station #560 and
confluencewith Sutton Creek (Figure 1).

Tributary Segments.  Sutton Creek (35), Slack Creek (30), Charles Branch Creek (27), Onion
Creek (24), ElIm Creek (1050), Rock Creek (7),
Spring Creek (46), Indian Creek (924), Little Indian Creek (939), Martin
Creek (49), Crooked Creek (44)

Designated Uses: Specid Aqudtic Life Support, Primary Contact Recreation; Domestic
Water Supply; Food Procurement; Ground Water Recharge; Industria
Water Supply Use; Irrigation Use; Livestock Watering Use for Main Stem
Segments in HUC 11070204.

Impaired Use: Expected Aquatic Life Support

Water Quality Standard: Acute Criterion = WER[EXP[(0.9422* (LN (hardness)))-1.700]]
Hardness-dependent criteria (KAR 28-16-28¢(c)(2)(F)(ii)). Aquatic Life
(AL) Support formulae are: (where Water Effects Ratio (WER) is 1.0 and
hardnessisin mg/L).

2. CURRENT WATER QUALITY CONDITION AND DESIRED ENDPOINT

Level of Support for Designated Use under 2002 303(d): Not Supporting Aquetic Life

Monitoring Site: Station 560 near Chanute

Period of Record Usedfor Monitoring and Moddling: 1985 - 2001 for Station 560. Generdized
Watershed Loading Function (GWLF) modeling period for soil datais 1998 — 2002.



Neosho River (Chanute) L ocation Map
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Flow Record: Neosho River near lola (USGS 07183000). In the absence of specific flow datafor
Station 560 a watershed ratio approach was used to develop the flow duration curve. A summary of
the flow data used areincluded in Table A-1 of the TMDL report.

Long Term Flow Conditions. 10% Exceedance Flows = 599.63 cfs, 95% = 3.22 cfs
Critical Condition: All seasons; high flows in particular

TMDL Development Tools. Load Duration Curve and Generadized Watershed Loading Function
(GWLF) Model
Summary of Current Conditions:

Estimated Current Non-point Loading of Copper to Watershed:  21.267 Ib/day (7762 Iblyr)
(derived from GWLF annua estimate of sediment loading)

Estimated Point Source Load (Totd): 0.087 Ib/day
Humboldt MWTP: 0.010 Ib/day
lolaMWTP: 0.058 Ib/day
Allen Co SD. #1: 0.004 |b/day
Laharpe: 0.011 Ib/day
Leroy MWTP: 0.004 |b/day

(assumed copper concentration multiplied by MWTP design flow [0.387 cfs for Humboldt MWTP,
2.151 cfsfor lola, 0.135 cfsfor Allen Co. S.D. #1, 0.401 cfsfor LaHarpe, and 0.142 cfsfor Leroy
MWTP])

Estimated Total Current Load: 21.35 Ib/day
(estimated non-point copper load from sediment (GWLF) + estimated point source load)

Summary of TMDL Results:

Average TMDL.: 6.19 Ib/day
Waste Load Allocation (WLA): 0.435 Ib/day (dl MWTPS)
Average Load Allocation (LA): 5.136 Ib/day

(Average LA = average TMDL — WLA — average MOS; see Figure 7 for LA at spedific flow
exceedance ranges)
Average Margin of Safety (MOS): 0.619 Ib/day

TMDL Source Reduction:

WLA Sources (MWTP): No reduction necessary
Non-Point: 16.131 Ib/day (76 percent)
(equal to TMDL reduction)



GWLF Modeing for Generating Load Estimates. Exising non-point source loads of copper to
Neosho River were estimated using the GWLF (Haith, et al. 1996) modd. Themodd , in conjunctionwith
some externa spreadsheet ca culations, estimates dissolved and tota copper loadsin surface runoff from
complex watersheds such as Neosho River. Both surface runoff and groundwater sources areincluded in
the amulations. The GWLF modd requires daily precipitation and temperature data, runoff sources and
transport, and chemical parameters. Transport parameters include areas, runoff curve numbers (CN)for
antecedent moisture condition 11, and the erosion product KLSCP (Universa Soil Loss Equation
parameters) for each runoff source. Required watershed transport parameters are groundwater recession
and seepage coefficients, availablewater capacity of the unsaturated zone, sediment ddlivery ratio, monthly
vauesfor evapotrangpiration cover factors, average daylight hours, growing season indicators, and rainfall
erogvity coefficients. Initid vauesmust dso be gpecified for unsaturated and shdlow saturated zones, snow
cover, and 5-day antecedent rainfdl plus snowmet.

Input datafor copper in oil were obtained from Soil Conservation Service (SCS) and USGS (e.g. Juracek
and Mau 2002 and 2003). For moddling purposes, Neosho River wasdivided into severa subwatersheds.
The mode was run for each subwatershed separately usng a 5-year period, January 1998 - December
2002, and firg year results were ignored to eiminate effects of arbitrary initid conditions. Daily
precipitation and temperature records for the period were obtained from the Western Regiond Climate
Center (Haith, et al. 1996). All transport and chemical parameters were obtained by genera procedures
described in the GWLF manud (Hath, et al. 1996), and values used in the mode arein Appendix B.
Parameters needed for land use were obtained from the State Soil Geographic (STATSGO) Database
compiled by Natural Resources Conservation Service (NRCYS) (Schwarz and Alexander 1995).

For each land use area shown on Figure 4, NRCS CN, length (L), and gradient of the dope (S) were
estimated from intersected dectronic geographic information systems (GIS) land use and soil type layers.
Soil erodibility factors(K k) were obtained from the STATSGO database (Schwarz and Alexander 1995).
Cover factors (C) were selected from tables provided in the GWLF manual (Appendix B). Supporting
practice factors of P =1 were used for al source areasfor lack of detailed data. Area-weighted CN and
Kk, (LSk, Ck, and Pk values were calculated for each land use area.  Coefficients for daily rainfdl

erosvity were sdected from tables provided in the GWLF manua. Mode input variables and model

outputs are shown in Appendix B.

To cdculate the watershed yield for copper, the GWLF mode was run to generate the average annud

runoff and average annua sediment load generated from each subwatershed. Average sediment copper
concentrationswere derived from severd USGS studies of lakeand river bottom sedimentsinKansas. The
average sediment copper concentrations for this area are gpproximately 33.5 pug/g (ppm). This mass
concentration of copper in sediments was used in conjunction with the total suspended solids (TSS)
concentrations from the ambient sampling to determine the particulate portion of the ambient total copper
results attributable to copper in suspended sediments. The remainder of the ambient total copper sampling
results are, therefore, dissolved copper concentrations.

The ambient dissolved copper concentration was conservatively assumed to bethe same concentration asin
the runoff generated from thewatershed. Thisfraction was estimated using partitioning assumptionsimplicit
inthe modd. In addition, the average sediment concentration of 33.5 pg/g soil was used with the GWLF



generated average annud sediment yield to caculate the average annua copper yield associated with
sediment.

Load Duration Curves. Becauseloading capacity isbdieved to vary asafunction of theflow present in
the stream, Table 1 was prepared to show the number of water quaity samples exceeding the copper acute
WQS as a function of flow during different seasons of the year. Ambient water quality data from the
KDHE rotationa sampling Station 560 were categorized for each of the three defined seasons:. spring(Apr-
dul), summer-fal (Aug-Oct) and winter (Nov-Mar). Flow dataand ambient water quality datafor copper
and hardness, collected during 1990, 1994, 1998, and 2002, from station 560 are provided in Appendix
A, Table A-2. High flows and runoff generdly equate to lower flow exceedance €.9., less than
50 percent) ranges, baseflow and point source influences generdly occur in the 75-99 percent flow
exceedance range.

From Table 1, atotd of two acute WQS excursons for tota copper were observed (of atotd of
23 samples collected) during rotationd monitoring, conssting of one during June 1990, and one during
April 1994. Bothof the exceedances occurred during spring (higher flows), with no exceedances obsarved
during lower flow conditions. Thesetwo exceedances account for theimpaired water body designation and
indusion on the 2002 Kansas §303(d) list.

Tablel Number of Samples Exceeding Copper WQS by Flow during Spring, Summer/Fall,

and Winter
Percent Flow Exceedance Cumulative
Station Season 0to 10% 10t0 25% | 25t0 50% | 50t0 75% | 75to 90% | 90to 100% Freguency
Spring 2 0 0 0 0 0 2/8 (25%)
Neosho River  |Summer-Fall 0 0 0 0 0 0 0/8 (0%)
(Chanute) (560 Winter 0 0 0 0 0 0 0/7 (0%)

Figure 2 compares KDHE measured copper concentrations with paired hardness- specific acute WQS
vauesfor tota copper. Ascan beseeninFigure 2, atotd of two exceedanceswere measured out of the
23 samples taken, congsting of one during 1990 and one, most recently, during 1994.

Edtimated Neosho River (near Chanute) flow data for the associated sample date were used to estimate
both the observed load and the acute WQS load (Figure 3). Measured copper concentration and the
paired hardness- gpecific datawere used to cal cul ate the observed | oad and the assmil ative capacity based
on the acute WQS, respectively. Differences in the observed load from the acute WQS load were
caculated by subtracting the acute WQS load from the observed load. Postive (i.e., above zero)
differences indicated |oad exceedances.



Figure2 Comparison of Total Copper Concentrationswith Paired Har dness-Specific
Acute WQS for Monitoring Station #560
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Compliance with chronic WQS for copper. This document does not address compliance with the
chronic copper toxicity because representative datafor chronic conditions did not support a 2002 303(d)
liging for the Neosho River (Chanute). The listing was based on exceedances of the acute criteria.
However, a brief andysis was aso conducted to generdly evauate whether compliance with the acute
WQS would be adequately protective of chronic toxicity. To perform this evauation, the average copper
concentration (representing the long-term average) was divided by the standard devigtion to yidld the
coefficient of variation (CV). If the CV is greater than 0.3 then the variation in the dataiis believed to be
adequately addressed by the acute WQS, and no further evaluation of chronic toxicity would be necessary.
For Neosho River (near Chanute), the CV for the copper concentrations was greater than 0.3 (0.69),
suggesting that compliance with the acute WQS would be adequately protective of chronic toxicity aswell.

Figure 3 summarizes the copper load exceedances plotted againgt percent flow exceedances. Only two
excursonswere observed, which occurred at 1 percent and 5 percent flow exceedance, respectively. This
suggeststhat excursonsonly occur at higher flows, with no excursions observed in themedium or low flow
ranges (i.e., above 10 percent flow exceedance). This observation thereforedearly suggests that copper
loading occurs from non-point sources. It was not necessary to demonstrate stable hydrol ogic conditions
because only transent (acute) excursions were consdered in this comparison.



Figure3 Exceedances of Acute Total Copper WQS L oad as a Function of Percent Flow
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The KDHE 2002 303(d) list identifies the aguetic life use of Neosho River (near Chanute) asimpaired asa
result of acute copper exceedances; accordingly, the Neosho River wastargeted for TMDL devel opment.
40 CFR8130.7(c)(1) statesthat “TMDLsshd | be established at levels necessary to attain and maintain the
goplicable narrative and numericd water quaity sandard.” Thewater qudity sandardsarecdculated usng
the following hardness- dependent equation (KDHE 2003):

acute criterion (WQS) = WER[EXP[(0.9422* (LN (hardness)))-1.700] |

The desired endpoint of the Neosho River (near Chanute) TMDL is for total copper concentrations
attributed to identified potential sources of copper in the watershed to remain below the acute WQSin the
stream.  This desired endpoint should improve water qudity in the river a both low and high flows.
Seasond variation is accounted for by this TMDL, since the TMDL endpoint accounts for the low flow
conditions usudly occurring in the July-November months.

This endpoint will be reached as aresult of expected, though unspecified, reductionsin sediment loading
from the watershed resulting from implementation of corrective actions and best management practices
(BMP), asdirected by thisTMDL Report. Achievement of thisendpointisexpected to providefull support
of the aguatic life function of the river and attain the acute WQS for copper.



3. SOURCE INVENTORY AND ASSESSMENT

General Watershed Description: The Neosho River (near Chanute) watershed lies within Allen,
Neosho, Wilson and Woodson Counties, with the mgority lying in Allen County. The drainage area
associated with Station 560 which is portrayed in light green on Figure 1 is approximately 448 square
miles. Population gatistics for this part of Kansas show generdly light to moderate densities. The annud
averageranfal intheNeosho River (near Chanute) watershed is32.4 inches (based on datafrom Topeka,
Kansas). Approximately 70 percent of this precipitation fals between April and September. Ten to
18 inchesof snow falsinan averagewinter. Averagetemperaturesvary from 35 degrees Fahrenheit (°F)in
the winter to 78°F in the summer.

Land Use. Table 2 shows the generd land use categories within the Neosho River (near Chanute)
watershed derived from USEPA BASINSVerson 3.0 land use/land cover data(USGS 1994). Cropland
and pasture cover gpproximatdy 92 percent of the total acreage in the Neosho River (near Chanute)
watershed, with herbaceous rangeland covering only 4 percent and dl other uses combined covering less
than 4percent. Mogt of the riparian corridor traverses through cropland and pasture and there is an
inggnificant amount (less than 2 percent of the total) of commercid or developed land in the watershed.
Figure 4 depicts the generd land use categories that occur within the Neosho River (near Chanute)
watershed. Given the andl to moderate Sze of the rurd population and the limited resdentid and
commercid land use, land development impacts to water qudity in Neosho River (near Chanute) are
expected to be limited.

Table2 Land Use Categories

LAND USE Total o0 ot Total
Acres

COMMERCIAL AND SERVICES 621 0.22
CROPLAND AND PASTURE 263,782 91.98
FOREST LAND 5,240 1.9
HERBACEOUS RANGELAND 11,290 3.93
INDUSTRIAL 1,329 0.46
LAKES 152 0.05
MXD URBAN OR BUILT-UP 216 0.08
OTHER AGRICULTURAL LAND 54 0.02
OTHER URBAN OR BUILT-UP 216 0.08
RESERVOIRS 213 0.07
RESIDENTIAL 3,239 113
STRIP MINES 153 0.05
TRANS, COMM, UTIL 144 0.05
TRANSITIONAL AREAS 48 0.02
TOTALS 286,784  100.00




Figure4 Neosho River (near Chanute) Watershed Land Use Map
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Sail. Figure 5, derived from STATSGO data, generdly represents soil types prevalent throughout the
Neosho River (near Chanute) watershed. Mgor soil typesthroughout the region of theNeosho River (near
Chanute) watershed are silty clay loam and loam (Schwarz and Alexander 1995).

No data for copper in soil or sediment were found specificaly within the Neosho River (near Chanute)
watershed, but copper soil and sediment datawere collected from Pottawatomie County (Whittemore and
Switek 1977). Inthat study, copper concentrations were measured in rocks (two limestone and two shae),
s0il, and stream sediments. The total and acid soluble fraction of copper concentrations found in rocks
ranged from 16-34 parts per million (ppm) and 1.6-9.5 ppm, respectively. The totd, exchangeable
fraction, and acid soluble fraction of copper found in soil ranged from 18-56 ppm, 2.4-3.1 ppm, and
5.0-6.8 ppm, respectively. Thetota, exchangegble fraction and acid soluble fraction of copper found in
sream sediments from five locations in Pottawatomie County ranged from 15-28 ppm, 0.4-2 ppm, and

5.1-8.7 ppm, respectively.
Figure 5  Neosho River (near Chanute) Water shed Soil M ap
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Point Sour ce Dischar ges

Six NPDES-permitted municipa wastewater dischargers are located within the Neosho River (near
Chanute) watershed; however, one of these is currently non-discharging. Table 3 ligsthefive permitted
dischargers within the watershed.

Table 3 NPDES Permitted Dischar gers to Neosho River (near Chanute)

Individual Design
NPDES Discharger Flow (cfs)

Humboldt MWTP 0.387
lola MWTP 2.151
Allen Co. S.D. #1 0.135
Laharpe 0.401
Leroy MWTP 0.142
TOTAL 3.215

At monitoring Station 560, excursions from the copper WQS appear to occur primarily under runoff
conditions or higher flows. Of significance to point source dischargersisthelack of excursonsunder low
flow in al seasons, especidly during winter. Therefore, point sources are not seen asasgnificant source of
copper loading in the watershed.

Effluent monitoring requirements for each of the above dischargersindicatesthat no permit limitshave been
et for copper, and thus no monitoring data were available from any of these MWTPs.

Non-point Sources

Nontpoint sources include those sources that cannot be identified as entering the water body at a specific
location. Non-point sources for copper may originate from roads and highways, urban aress, and
agriculture lands. Some automobile brakepads are a source of copper as are some building products such
as plumbing, wiring, and paints (Boulanger and Nikolaidis 2003).

In a Univerdty of Connecticut study, Boulanger and Nikolaidis (2003) found eevated concentrations of
total copper in runoff from copper roofed areas (ranging from 1,460 micrograms per liter (/L) to
3,630 pg/L). They dsofound moderately high concentrations of tota copper in runoff from paved and lawn
areas (about 16 pg/'L and 20 pg/L, respectively). Automobile brake pad dust containing copper particles,
automobile fluid leskage, and fertilizer and pesticide applications were reportedly responsible for the
concentrations of copper on the paved and lawn areas. In asimilar sudy conducted at the Universty of
Maryland, Daviset d. (2001) found the largest contribution of copper from brake emissons (47 percent),
building sding (22 percent), and atmospheric deposition (21 percent), with smaler contributions from
copper roofing, tiresand oil leakage (10 percent). Althoughthese studiessuggest thet residentiad, roadway,
and commercid land uses may represent nor-point pollutant sources of copper, giventhesmall proportion
of these types of land use that occur in the Neosho River (near Chanute) watershed, such copper
contributions are assumed to be minimal.
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Agricultural sources. Themost probable non-point source of copper may be from the extensive amount
of agriculture activities that occur in the watershed. Eighteenlivestock operations are registered withinthe
watershed, but none are of sufficient Size to warrant an NPDES permit. Two of these facilitiesare swine
operations and the other 16 are cattle (dairy or beef) operations. Permitted livestock facilitieshave waste
management systems designed to minimize runoff entering the operationor detaining runoff originating from
the area. Such systems are designed to retain the 25-year, 24-hour rainfal/runoff event, as well as an
anticipated 2 weeks of norma wastewater from the operations. Rainfal events typicaly coincide with
stream flowswhich are exceeded lessthan 1- 5 percent of thetime. Requirementsfor maintaining thewater
levd of the waste lagoons a certain distance below the lagoon berms ensures retention of the runoff from
these intense, local storm events. Copper sulfateiswidely used for trestment and nutrition of livestock,
treatment of orchard diseases, and remova of nuisance aguatic vegetation such as fungi and dgee.
However, no specific data are available on copper concentrations for any of these facilities.

Following isabrief discusson of agricultura land use activitiesin Allen County. Although portions of the
Neosho River (near Chanute) watershed lie outsde of Allen County, county census dataare expectedtobe
relatively accurate and provide aquditativeindication of the agriculturd land usesactivitiesinthe watershed
that may be primary pathwaysfor copper |oading to therecelving waters. Thereare gpproximately 30,000
combined livestock and poultry in Allen County (KASS 2002; SETA 1997). Dairy and beef cattle may
suffer from various hoof diseasesthat aretypicaly treated with acopper sulfate hoof bath (Davis 2004 and
Ames 1996). Improper disposal of the copper sulfate bath water onto theland could subsequently infiltrate
to groundwater and represents a possible non-point source of copper in the watershed.

According tothe Office of Socia and Economic Trend Analyss(SETA) (1997), there were gpproximetdy
6,600 hogs on 59 farmsin Allen County in 1997. It iscommon practice to feed copper supplements to
hogs and to alesser extent other livestock (Richert 1995). A hog grown to 250 poundswill have released
gpproximately 1.5 tonsof copper-containing waste (Richert 1995). Thus, past improper management of
thiswaste may have created alegacy source of copper in the Neosho River (near Chanute) watershed.

Soybean crops cover gpproximately 62,000 acresin Allen County, with gpproximately 36,000 acres
dedicated to corn, sorghum, and wheat combined (SETA 1997). Copper deficiency in soybeans, for
example, iscorrected by application of 3 to 6 pounds of copper as copper sulfate per acre (Mengel 1990).

In addition, copper-based pesticides arecurrently the 18" most widely used pesticidein the United States
(Avery 2001). Suchagricultura gpplications could therefore represent anon-point source of copper witin
the Neosho River (near Chanute) watershed.

Non-point Sour ce Assessment Conclusion

The above discussion concerning non-point sources of copper is a quditative assessment of the potential
anthropogenic sources of copper in the Neosho River (near Chanute) watershed. 1t ispossiblethat some
copper may originate from automobile brake deposits, building materids, and copper-based pesticidesand
feed or fatilizars. However, due to the rdatively low densty of human population in the Neosho River
(near Chanute) watershed, copper loadings from urban land uses may be quite limited, while those from
agriculturd land use activities described above may be more substantial.



Naturdly occurring copper in soil may congtitute asubgtantia portion of estimated |oadings to Neosho River
(near Chanute). To caculate the watershed yield for copper, the GWLF model was run to generate the
average annud runoff and average annud sediment load discharged toNeosho River (near Chanute). This
modeling was conducted based on average sediment copper concentrations derived from several U.S.
Geologicd Survey (USGS) sudies of lake and river bottom sediments in Kansas (Juracek and
Mau 2002, 2003). The average sediment copper concentration for this area is gpproximately
33.5 micrograms per gram (Ug/g (ppm), which is elevated compared to soil in many other parts of the
country.

4. ALLOCATION OF POLLUTION REDUCTION RESPONSIBILITY

Following is a discussion of the results of the TMDL process for totd copper a Neosho River (near
Chanute), and an evauation of potentid sources and responsibility.

TMDL Calculations

Figure6isaplot of hardness versus flow to delineste any potentia correlation between these variablesin
the Neosho River (near Chanute) watershed. Hardnessisknown to generdly beinversdy proportiond to
flow. This assertion is supported by Figure 6, which demonstrates an apparently satigticaly sgnificant
relaionship between these two variables at Neosho River (near Chanute) of (p<0.05).

Thisevaduation isimportant because it hel ps define the effects of flow on copper bioavailability and toxicity
and, in addition provides vaduable indght into hydrologic flow conditions for the Neosho River (near

Chanute) watershed. Because the regresson was found to be datigticaly sgnificant (p < 0.05), the
regression equation (y = 89.246x0.1865) was used to define hardness at any particular flow exceedance
range. Thisdlowed for derivation of “interim” WQS vauesfor copper within individua flow exceedance
ranges and used to estimate TMDL loads wthin each of these ranges. The average of these TMDL

estimates across dl flow ranges was used asthe TMDL for the watershed.

Figure 6 Corrdation Between Hardnessand Flow at Neosho River (near Chanute)
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Figure 7 showsthe load duration curve for copper which aso defines the Neosho River (near Chanute)
TMDL, WLA, LA, and MOS. These vaues, dong with other key loading and alocation estimates, are
shown in the Informeation Sheet at the beginning of this document. Figur e 7 aso depicts measured loadings
of copper from the KDHE water qudity monitoring stationin rdaiontotheacute TMDL. The TMDL was
devel oped using the acute WQS derived from the flow- hardness regression equation

The area below the TMDL with MOS and above the WLA representsthe LA in Figure 7. Thediagram
aso showsthe LA range based on flow exceedance. Current point sourceloading isshownon Figure 7as
aline bdow the WLA edtimate, indicating that no point source load reduction would be necessary. The
current non-point loading estimate is not shown in Figure 7 because the GWLF estimate is based on
average loadings rather than flow exceedance ranges. Therefore, the current non-point loading estimate
was only compared to the average TMDL vaue. Based on these caculations, the calculated average
TMDL for tota copper in Neosho River (near Chanute) is6.19 Ibs/day (2,259.4 Ibslyr). Current point
source loading may be overestimated in Figur e 7 because measured loads at the 80 to 100 percent flow
exceedance range were less than the estimated current point source loading.

The cdculated average TMDL for total copper in Neosho River (near Chanute) was computed:
Average TMDL (6.19 Ib/day) = LA (5.136 Ib/day) + WLA (0.435 Ib/day) + average MOS
(0.619 Ib/day)
Figure?7 L oad Duration Curve Used to Derive TMDL
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Results of regression analysisand normality testing. Water hardness data were not subjected to
normdlity testing due to the positive correation between flow and hardness asindicated by the regresson
equation (Figure 6). For the data sets used to support al averaged load estimates such as TMDL,
LA/WLA, MOS, and load reduction, results of normdity testing indicated thet these datawere not normaly

14



distributed, and log transformetion of the data was necessary before the cal culations could be completed.

Figure 8, which shows more potentia WQS exceedancesfor total copper, compares the measured total
copper loading to theload duration curvefor three specific hardness va uesthat are representative of typica
seasond variation in Neosho River (near Chanute). Figure 8 appears to be an effective predictor of
potential WQS exceedancesin part becausethree representative hardness ranges are used to estimate total
copper loadings to the watershed. In an evauation of possible seasond effects of copper loading in
Neosho River (near Chanute), it is gpparent from Table 1 that the exceedances would generdly occur
during spring when flows were highest.

Figure8 Comparison of Measured total Copper Load by Season to Load Duration Curve
at Specific Hardness Values
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TMDL Pollutant Allocation and Reductions

Any alocation of wasteloads and loads will be made in terms of total copper reductions. Y et, because
copper loadings are amanifestation of multiple factors, theinitia pollutant load reduction responsbility will
be to decrease the tota copper inputs over the critical range of flows encountered on the Neosho River
(near Chanute) system. Allocationsrelate to the average copper levels seenin theNeosho River system at
Station 560 for the critical higher flow conditions. Additiona monitoring over time will be needed to further
axertain the relaionship between copper reductions of non-point sources, flow conditions, and
concentrations within the stream.

In calculating the TMDL the mean of all TMDL values across different flow ranges was used. TMDL &
each percent flow exceedance range was cd culated by multiplying the associated flow and copper WQS at
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the particular flow exceedance range. This s represented graphicdly by the integrated area under the
copper LDC (Figures 7 and 8). The areaiis segregated into allocated areas assigned to point sources
(WLA) and non-point sources (LA). Futureincreasesin wastel oads should be offset by reductionsin the
loads contributed by nortpoint sources. This offset, dong with appropriate limitations, is expected to
eventualy diminate the imparmert.

WLA for Neosho River (near Chanute)

Sincethelowest flows of the Neosho River were adjusted to the design flow, thetotal WLA for the TMDL
is equd to the minimum TMDL with MOS, i.e., 90 percent of the acute and chronic TMDL load at the
design flow, respectively. Table 4 shows the specific WLAsfor each of the five dischargers. Figure 7
clearly shows that based on the estimated WLA, there appear to be no historical excursions for copper
from point sources.

Table4 Calculated WLA for Each of the Five NPDES Permitted Dischargers

Current estimated Individual

NPDES Discharger Design Flow (cfs) loading (Ib/day) WLA (Ib/day)
Humboldt MWTP 0.387 0.010 0.052
lola MWTP 2.151 0.058 0.291
Allen Co. S.D. #1 0.135 0.004 0.018
Laharpe 0.401 0.011 0.054
Leroy MWTP 0.142 0.004 0.019
TOTAL 3.215 0.087 0.435

LA for Neosho River (near Chanute)
The LA was estimated by filling in the formula:
Average LA (5.136 Ib/day) = TMDL (6.19 Ib/day) — M OS (0.619 Ib/day) — WLA (0.435 Ib/day)

ThisLA calculationstrongly suggeststhat the mgority of copper loading emanates from nor point sources
and that the contribution from NPDES point source dischargesis, by comparison, negligible. Theloadfrom
al non-point sources is contributed from miscelaneous land uses, dthough themgjority of the LA appears
to come from soil loading, which includes contributions of natural background sources of copper.

The LA assgnsresponghility for maintaining the historical averagein-stream copper levels at Station560to
bel ow acute hardness- dependent WQS vauesfor specific flow exceedancelevels. AsseenonFigure?,
the assmilative capacity for LA equas zero for flows at 3.215 cfs(92.5-100 percent exceedance), since
the flow at this condition may be entirdly dfluent crested, and then increases to the TMDL curve with
increasing flow beyond 3.215 cfs.

Point Source Load Reduction

A point source discharger is repongble for maintaining its system in proper working condition and an
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appropriate capacity to handle anticipated wasteloads of its populations. The State and NPDES permits
will continue to be issued at 5-year intervas, with ingpection and monitoring requirements and conditiona
limits on the qudlity of effluent rdeased from these fadilities. Ongoing ingpections and monitoring of the
systemswill be made to ensure that minimal contributions have been made by this source.

Based on the preceding assessment, thefive permitted point source dischargesto the watershed are aminor
source of copper loading to the Neosho River upstream of Station 560. The design flow of thedischarging
point source equas the lowest flows seen at Station 560 (92.5-100 percent flow exceedance), and the
WLA equalsthe TMDL curve acrossthisflow exceedancerange (Figure 7). No reduction in point source
loading is considered necessary under this TMDL.

Non-Point Source L oad Reduction

Based on the prior assessment of sources, the distribution of excursions from water quaity standards at
Station 560 and therel ationship of those excursonsto runoff conditions and seasons, non- point sourcesare
clearly regarded as the primary contributing factor to the occasond total copper excursons in the
watershed.

The LA equaszerofor flowsat 3.215 cfs(92.5—99.9 percent exceedances, asseenon Figures 7), snce
theflow at thiscondition may beentirdly created by the effluent, and thenincreasestothe TMDL curvewith
increasing flow beyond 3.215 cfs (Figure 7). Sediment control practices such asbuffer stripsand grassed
waterways should help reduce any anthropogenic non-point copper loadingsunder higher flowsaswell as
reduce the sediment transported to the stream that may occur during the critical flow period.

The anticipated average non-point source reduction was caculated. The estimated non-point load
reduction of 16.131 Ibs/day represents an approximate 76 percent reduction from current non-pointloeding
estimates.

Margin of Safety

Federd regulations (40 CFR 8130.7(c)(1)) require that TMDL s take the MOS into consideration. The
MOS is a conservative measure incorporated into the TMDL equation that accounts for the uncertainty
associated with caculating the alowable copper pollutant loading to ensure water qudity standards are
attained. USEPA guidance dlows for use of implicit or explicit expressons of the MOS, or both. When
conservative assumptions are used in development of the TMDL, or conservative factors are used in the
cdculations, the MOS isimpliat. When a specific percentage of the TMDL is set asde to account for
uncertainty, thentheMOSis consdered explicit. Thiscopper TMDL relieson both animplicitand explicit
MOS derived from avariety of caculations and assumptions made which are summarized below. Thenet
effect of the TMDL with MOS isthat the assmilative capacity of the watershed isdightly reduced. This
TMDL incorporatesan explicit MOS by using acurve representing 90 percent of the TMDL astheaverage
MOS.

NPDES permitting procedures used by KDHE are conservative and provide animplicit MOS built into the
cdculations (e.g., whether or not to dlow amixing zone). Asan example, the caculationto determinethe
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permit limit isbased on thelong term average treatment efficiency based ona 90 percent probahility thet the
discharge will meet the WLA. It is common knowledge that the efficiency of amechanicd MWTP is
greater during prolonged dry westher than under wet weather conditions. The log-normd probability
digtribution curves for treetment plant performance used by USEPA to determine the long-term average
takes into account wet weather reduction in efficiency for caculaing the 90th percentile discharge
concentration of copper (USEPA 1996). During wet weather periods there would be weter flowing in
Neosho River (near Chanute), further diluting theMWTP discharge. Another conservative assumption that
isthe WLA caculation uses the design flow rather than actud effluent flows, which are lower.

Uncertainty Discussion

Key assumptionsused. Followingisalis of operating assumptions utilized to support the calculations,
duein part to the limited data set.

Thelowest stream flow was adjusted to assure that it would not drop below the design flow of the
five MWTPs

Concentration of copper in wastewater effluent occurred at one-hdf theanayticd detection limit,
5 pglL, isthe assumed vaue.

Matched flow data for USGS gation for lolawas used rather than actua flow data for Neosho
River (near Chanute).

Water hardness values used for flow-hardness regression equation to calculate WQS for copper.
Output from GWLF modd for non-point source loading was compared to output from LDCsto
estimate non-point load reduction.

Totd loading data was not norma and required log-transformation to support the caculations.

The LDC method is used to caculate TMDLSsin genera because it relies on measured water quality data
and paired water hardness data, and awiderange of “flow exceedance” datarepresenting acompleterange
of flows anticipated at Neosho River (near Chanute). Given the lack of water quality data, GWLF isthe
most reliable method for deriving current non- point source loading and nont point [oad reduction because of
the large non-point source data base throughout the watershed.

Using measured WQS excursions (Figur e 3) to estimateload reduction. Load reduction isdefined
asthe pogtive difference between the WQS and the measured load (exceedance), and may be estimated
from the load exceedances shown on Figure 3. However, due to the smal number of exceedancesfrom
the overdl water quality monitoring data, the uncertainty was large and therefore the nonpoint source
reduction value is only an esimate.

Comparing GWLF output with LDC TMDL. Itispossibleto comparethenon-point loadsfor copper
using the GWLF and LDC methods. The three basic differences between the GWLF and LDC
approaches to making these estimates are: (1) GWLF output is based on watershed precipitation data
rather than measured flow dataand therefore resultswould not be expected to be comparabl e between the
two methods; (2) the GWLF agorithms more completely account for copper loadings (including natura
background concentrations of copper in soil) because GWLF estimates the tota amount of sediment
loading from the watershed to the recelving water; and (3) the ambient water quaity data used to develop
the LDC only accounts for the portion of copper detected in the water column and does not take into
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account the copper loading from the watershed that resdesin the bed load. Thisfact dso partidly explains
the higher copper |oading estimates provided by the GWLF output.

Seasonal Variability: Federal regulations @0 CFR 8130.7(c)(1)) require that TMDLS take into
congderation seasond variability in applicable standards. WQS exceedances occurred during spring and
high flow seasons only, demongrating that high flows and seasond variation are controlling factors in this
watershed.

State Water Plan Implementation Priority: Because the copper impairment is due to natura
contributions, this TMDL will be aLow Priority for implementation.

Unified Water shed Assessment Priority Ranking: Thiswatershed lieswithin the Upper Neosho
Basin (HUC 8: 11070204) with apriority ranking of 20 (High Priority for restoration).

Priority HUC 11sand Stream Segments: Because the naturd background affects the entire
watershed, no priority subwatersheds or stream segments will be identified.

5. IMPLEMENTATION

Copper containing chemicas are used extensvely in agriculture. Copper sulfate is probably the most
common chemicd used inthearea. Copper sulfateis used asafeeding supplement or dip for hogs, cattle,
and other farm animal. It isasoisused to clear ponds and irrigation canas of agae.

Desired | mplementation Activities

1. Identify sources of copper in sormwater runoff.

2. Ingdl grass buffer strips where needed dong streams.

3. Educate users of copper-containing chemicals concerning possible pollution problems

I mplementation Programs Guidance

Non-Point Source Pollution Technical Asssance— KDHE

= Support Section 319 demongtration projectsfor pollution reduction from livestock operationsin
watershed.

= Provide technica assistance on practices geared to small livestock operationswhich minimize
impact to stream resources.

» Invedtigatefedera programs such asthe Environmenta Quaity Improvement Program, which
are dedicated to priority subbasins through the Unified Watershed Assessment, to priority
Sream ssgments identified by this TMDL.

Water Resource Cost Share & Non-Point Sour ce Pollution Control Programs— SCC

= Ingdl livestock waste management systems for manure storage.
= |mplement manure management plans.
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= Coordinate with USDA/NRCS Environmenta Qudity Improvement Program in providing
educationd, technica and financid assistance to agricultural producers.

Riparian Protection Program — SCC

= Develop riparian retoration projects along targeted stream segments, especially those areas
with baseflow.
= Design winter feeding areas away from streams.

Buffer Initiative Program — SCC

= |Indal grass buffer strips near streams.
= Leverage Consarvation Reserve Enhancement Program to hold riparian land out of production.

Extension Outreach and Technical Assistance - Kansas State University

= Educate livestock producers on riparian and waste management techniques.
= Educate chemica and herbicide users on proper application rates and timing.
= Provide technical assistance on livestock waste management design.

= Continue Section 319 demongtration projects on livestock management.

Agricultural Outreach — KDA

= Provide information on livestock management to commodity advocacy groups.
= Support Kansas State outreach efforts.

Timeframe for | mplementation: Continued monitoring over the years from 2002 to 2007.

Targeted Participants: Primary participants for implementation will be the landowners immediately
adjacent to Neosho River (Chanute) that use copper-containing chemicals. Someinventory of copper uses
should be conducted in 2005-2006 to identify such activities. Such an inventory would be done by loca
program managers with appropriate assstance by commodity representatives and state program staff in
order to direct state assistance programsto the principal activitiesinfluencing thequdity of the dreamsinthe
watershed during the implementation period of this TMDL.

Milestone for 2007: The year 2007 marks the midpoint of the tenyear implementation window for
the watershed. At that point in time, sampled data from the Neosho River (Chanute) watershed should
indicate no evidence of increasing copper leves rdative to the conditions seen in 1993-2001. Should
the case of impairment remain, source assessment, alocation and implementation activities will ensue,

Delivery Agents: The primary delivery agents for program participation will be the Kansas
Department of Health and Environment and the State Conservation Commission.
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Reasonable Assurances:
Authorities: The following authorities may be used to direct activities in the watershed to reduce
pollution.

1. K.S.A. 65-171d empowers the Secretary of KDHE to prevent water pollution and to
protect the beneficia uses of the waters of the state through required treatment of sawage and
established water quality standards and to require permits by persons having a potentid to
discharge pollutants into the waters of the Sate.

2. K.S.A. 2-1915 empowers the State Conservation Commission to develop programs to
assig the protection, conservation and management of soil and water resources in the State,
including riparian aress.

3. K.S.A. 75-5657 empowers the State Conservation Commission to provide financia
assistance for local project work plans developed to control nonpoint source pollution.

4. K.S.A. 82a-901, et seq. empowers the Kansas Water Office to develop a state water plan
directing the protection and maintenance of surface water quality for the waters of the dtate.

5. K.S.A. 82a-951 credtes the State Water Plan Fund to finance the implementation of the
Kansas Water Plan.

6. The Kansas Water Plan and the Neosho Basin Plan provide the guidance to Sate agencies
to coordinate programs intent on protecting water quaity and to target those programs to
geographic aress of the gate for high priority in implementation.

Funding: The State Water Plan Fund, annually generates $16-18 million and is the primary funding
mechanism for implementing water qudity protection and pollution reduction activitiesin the Sate
through the Kansas Water Plan. The state water planning process, overseen by the Kansas Water
Office, coordinates and directs programs and funding toward watersheds and water resources of
highest priority. Typicdly, the state alocates at least 50% of the fund to programs supporting water
quality protection. This watershed and its TMDL are aLow Priority consideration.

Effectiveness: Buffer Sripsaretouted asameansto filter sediment beforeit reachesastream and riparian
restoration projects have been acclamed as a significant means of stream bank stabilization. The key to
effectiveness is participation within a finite subwatershed to direct resources to the activities influencing
water qudity. Themilestones established under thisTMDL areintended to gaugetheleve of participationin
those programs implementing this TMDL.

With respect to copper, should participation significantly lag below expectations over the next five yearsor
monitoring indicates lack of progress in improving water qudity conditions, the state may employ more
stringent conditionson agricultura producersand urban runoff inthewatershed in order to meet the desired
copper endpoint expressed inthisTMDL.. The state hasthe authority to impose conditionson activitieswith
a dgnificant potentid to pollute the waters of the state under K.S.A. 65-171. If overal water quaity
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conditionsin the watershed deteriorate, a Critica Water Quality Management Areamay be proposed for
the watershed.

6. MONITORING

KDHE will continueto collect bimonthly samplesat rotational Station 560 in 2004 and 2008, indudingtota
copper samples in order to assess progress and success in implementing this TMDL. Should impaired
datus remain, the desired endpoints under this TMDL may be refined and more intensve sampling may
need to be conducted under higher flow conditions over the period 2007-2011. Useof thered timeflow
data available a the Neosho River USGS stream gaging station near 1ola, or another gppropriate station,
can hdlp direct these sampling efforts. Also, use of USEPA Method 1669 - Sampling Ambient Water for
Trace Metals at USEPA Water Quality CriteriaLevesfor ultra-clean copper sampling and analysis could
help to further define potentially bioavailable and toxic forms of copper occurring in the subwatershed.

7. FEEDBACK

Public M eetings: Public meetings to discuss TMDL s in the Neosho Basin were held January 9, 2002
in Burlington, March 4, 2002 in Council Grove, and July 30, 2004 in Marion. An active Internet Web
dte was established at http://www.kdhe.state.ks.ug'tmdl/ to convey informetion to the public on the
generd establishment of TMDL s and specific TMDLs for the Neosho Basin.

Public Hearing: Public Hearings on the TMDLs of the Neosho Basin were held in Burlington and
Parsons on June 3, 2002.

Basin Advisory Committee: The Neosho Basin Advisory Committee met to discussthe TMDLSIn
the basin on October 2, 2001, January 9, March 4, and June 3, 2002.

Discussion with Interest Groups. Meetings to discuss TMDLswith interest groups include:
Kansas Farm Bureau: February 26 in Parsons and February 27 in Council Grove

Milestone Evaluation: In 2007, evduation will be made as to the degree of implementation that has
occurred within the watershed and current condition of the Neosho River (Chanute) watershed.
Subseguent decisons will be made regarding the implementation gpproach and follow up of additiond
implementation in the watershed.

Consderation for 303(d) Ddisting: The wetland will be evauated for ddisting under Section 303(d),
based on the monitoring data over the period 2007-2011. Therefore, the decison for ddisting will
come about in the preparation of the 2012 303(d) list. Should modifications be made to the applicable
water qudity criteriaduring the tenryear implementation period, consderation for delisting, desired
endpoints of this TMDL and implementation activities may be adjusted accordingly.

Incor poration into Continuing Planning Process, Water Quality Management Plan and the
Kansas Water Planning Process: Under the current verson of the Continuing Planning Process, the
next anticipated revison will comein 2003 that will emphasize revision of the Water Qudity
Management Plan. At that time, incorporation of this TMDL will be made into both documents.



Recommendations of this TMDL will be considered in Kansas Water Plan implementation decisons
under the State Water Planning Process for Fiscal Y ears 2003-2007.
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APPENDIX A
WATER QUALITY DATA
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Table A-1. Data Used to Generate the Neosho River (near Chanute) Flow Duration Curve

Flow (cfs)
P Neosho River
07183000 | chanute) (560)
0.1 39100 4606.19
0.2 31800 3746.21
0.3 28600 3369.23
0.4 26400 3110.06
0.5 24600 2898.01
0.6 23500 2768.42
0.7 22400 2638.84
0.8 21700 2556.38
0.9 20600 2426.79
1 19800 2332.55
2 14700 1731.74
3 12400 1460.79
4 11000 1295.86
5 9830 1158.03
6 8530 1004.88
7 7480 881.18
8 6510 766.91
9 5760 678.56
10 5090 599.63
11 4540 534.84
12 4090 481.82
13 3720 438.24
14 3370 397.00
15 3050 359.31
16 2780 327.50
17 2550 300.40
18 2320 273.31
19 2150 253.28
20 1990 234.43
21 1850 217.94
22 1720 202.63
23 1600 188.49
24 1500 176.71
25 1400 164.93
26 1320 155.50
27 1240 146.08
28 1170 137.83
29 1100 129.59
30 1040 122.52
31 993 116.98
32 944 111.21
33 898 105.79
34 850 100.13
35 809 95.30
36 769 90.59
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Flow (cfs)

P Neosho River
07183000 | chanute) (560)
37 730 86.00
38 691 81.40
39 653 76.93
40 625 73.63
41 597 70.33
42 573 67.50
43 544 64.09
44 519 61.14
45 498 58.67
46 475 55.96
47 451 53.13
48 434 51.13
49 410 48.30
50 304 46.42
51 377 44.41
52 359 42.29
53 342 40.29
54 326 38.40
55 309 36.40
56 203 3452
57 277 32.63
58 264 31.10
59 254 20.92
60 238 28.04
61 224 26.39
62 212 24.97
63 199 23.44
64 189 2227
65 179 21.09
66 170 20.03
67 161 18.97
68 153 18.02
69 145 17.08
70 138 16.26
71 128 15.08
72 120 14.14
73 112 13.19
74 106 12.49
75 100 11.78
76 94 11.07
77 89 10.48
78 84 9.90
79 79 9.31
80 72 8.48
81 68 8.01
82 63 7.42
83 58 6.83
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Flow (cfs)

P Neosho River
07183000 | chanute) (560)
84 53 6.24
85 49 5.77
86 46 5.42
87 43 5.07
88 40 471
89 37 4.36
90 34 4.01
91 30 353
92 28 3.30
93 25 3.02
94 23 3.02
95 20 3.02
9% 17 3.02
97 11 3.02
98 6.9 3.02
99 1.6 3.22
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Table A-2: Water Quality Data for Station 560 and M atched Flow Data Used to Support the
Load Duration Curve

Collection Flow Hardness (mg/L Acute WQS
Date (cfs) Copper Concentration (ug/L) CaCOy) (ug/L)
4/9/1990 1100 20 207 27.78
6/11/1990 9730 22 94 13.21
8/13/1990 1250 16 143 19.61
10/8/1990 42 19 237 31.56
12/3/1990 31 9 224 29.93
2/7/1994 195 10* 259 34.32
4/11/1994 20000 40 95 13.34
6/13/1994 2040 11 223.00 20.8
8/8/1994 87 10* 178.601 24.18
10/10/1994 50 10* 191.449 25.81
12/5/1994 123 11 105.756 14.76
2/2/1998 736 10 261.305 34.6
4/6/1998 5060 14.2 182.772 24.71
6/1/1998 1440 7.7 226.778 30.28
8/3/1998 3770 11.4 151.098 20.65
10/5/1998 23200 7.4 55.139 7.99
12/7/1998 17100 10.1 108.03 15.06
2/5/2002 128 6.3 160.096 21.81
4/2/2002 32 2.3 210.53 28.23
6/4/2002 202 5.2 120.19 16.65
8/6/2002 41 2.1 183.09 24.75
10/8/2002 45 1.9 201.03 27.03
12/3/2002 33 2.9 215.98 28.92

Note: * indicates not detected at the method detection limit shown
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APPENDIX B
INPUT AND OUTPUT DATA FOR GWLF MODEL



Neosho River (near Chanute) Input

LAND USE AREA(ha) CURVE NO KLSCP
CROPLAND AND PASTURE 106765. 88.0 0.02000
DECIDUOUS FOREST LAND 2078. 80.0 0.02000
HERBACEOUS RANGELAND 4648. 87.0 0.02000

OTHER AGRICULTURAL LAND 22. 87.0 0.02000

STRIP MINES 62. 98.0 0.02000
LAKES 61. 0.0 0.00000
RESERVOIRS 86. 0.0 0.00000
COMMERCIAL AND SERVICES 251. 98.0 0.02000
INDUSTRIAL 538. 98.0 0.02000
MXD URBAN OR BUILT-UP 1567. 98.0 0.02000

MONTH ET CV() DAY HRS GROW. SEASON EROS. COEF
JAN 9.000 9.7 0 2

FEB 9.000 10.6 0 2
MAR 9.000 11.8 0 2
APR 9.000 13 0 2
MAY 9.000 14 1 3
JUNE 9.000 145 1 3
JULY 9.000 14.3

AUG 9.000 134

SEPT 9.000 12.2 1 3
OCT 9.000 11

NOV 9.000 10

DEC 9.000 9.4

ANTECEDENT RAIN+MELT FOR DAY -1TODAY -5

0 0

0 0 0

INITIAL UNSATURATED STORAGE (cm) = 10
INITIAL SATURATED STORAGE (cm) = 0
RECESSION COEFFICIENT (Uday) = .01
SEEPAGE COEFFICIENT (Uday) = 0
INITIAL SNOW (cm water)
SEDIMENT DELIVERY RATIO = 0.065
UNSAT AVAIL WATER CAPACITY (cm) = 10

= 0
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Neosho River (near Chanute) Output

Neosho Chanute  YEAR SIMULATION

PRECIP EVAPOTRANS GRWAT.FLOW RUNOFF

108.5
70.8

74.8

EROSION

849.0
770.9
1379.2
721.9
956.3

83.0 0.0
59.3 0.0
80.5 0.0
61.5 0.0
56.8 0.0
SEDIMENT

55.2

50.1

89.6

46.9

62.2
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28.9
9.3

17.9

STREAMFLOW

28.9

17.9

9.3



